The findings of a neuro-otological evaluation of 100 normal school children and 21 adults are presented. The results show changes in the vestibulo-ocular reflex with age which are of importance in the interpretation of future tests. They also give a fascinating insight into the maturation processes taking place in the growing child. Acta Otolaryngol 1985;100:180-93 25 Blair SM, Gavin M. Modifications of vestibule-ocular reflex induced by diazepam.
Introduction
It has been known for many years that the vestibular system shows anatomical maturity early in fetal life l -5 • In addition to this early anatomical maturity it is also apparent that the system exhibits responsiveness prior to birth and in the neonatal period since functional activity in the neurones of the vestibular nuclei has been demonstrated at only 21 weeks of gestation" and neonates respond to acceleration with deviation ofthe eyes in the direction of the slow phase of nystagmus".
Although early maturation and functional maturity are therefore unquestioned, the response of the vestibular system to external stimuli varies with age S ,9. It also seems likely that visual-vestibular interaction changes with age'? and it is known that ocular motor tasks such as smooth pursuit are not fully developed until the teens!'. This means that previously observed 'abnormalities' found during testing of children may have resulted from the application of inappropriate adult methodology and data. Such difficulties were apparent during studies of vestibular function performed in groups of children with congenital or acquired deafness and learning disabilities'P, Recent developments in our understanding of these difficulties have led to preliminary reports describing the testing of normal children 9 ,13-15; in spite of this the ranges of normality for commonly used neurootological tests are still not fully known. This paper therefore presents the findings whilst recording smooth pursuit, spontaneous, optokinetic and positional nystagmus, as well as describing the results of measurements of induced nystagmus in response to bithermal caloric testing in normal school children.
Materials and methods
One hundred children between the ages of 5 and 14 years (47 males and 53 females; mean age 9.4 years) were entered into the study. They were tested together with 21 adults (14 males and 7 females; mean age 25.5 years). In all cases a history was first taken which made specific enquiry into past episodes of suspected deafness, vertigo or instability, infectious disease <including otitis media), accidental trauma or birth injury, kernicterus, exposure to ototoxic drugs, migraine and epilepsy. Each patient was then examined otoscopically and simple tuning fork tests were performed together with a pure tone audiogram; if there was any doubt as to middle ear aeration a tympanogram was also obtained. The eyes were then examined for nystagmus and the pursuit and saccadic systems clinically tested. A simple patch test for strabismus was also performed.
In all instances electronystagmograph (ENG) recordings were obtained in the DC mode using a twin channel ENG machine (Life Tech 3200) with gold plated electrodes. Recordings were restricted to measurements of horizontal eye movement with electrodes placed lateral to the outer canthus of each eye: a ground electrode was placed on the centre of the forehead to minimize 60 Hz interference.
Recordings

Calibration saccades
Calibration was carried out with the child sitting supported on an examination couch and in a dimly lit room to minimize variation in corneo-retinal potential. Calibration angles of 30°were used with movement of 2°recorded by 1 mm of pen deflection; this calibration was maintained during all recording with the exception of the caloric test (see below).
Spontaneous and gaze nystagmus
Testing for spontaneous nystagmus followed calibration and was performed with the head in the upright position with the eyes open, closed and open in the dark.
In each instance nystagmus was sought with the eyes directed forwards and then, in turn, deviated 30°t o the right and to the left. The use of an infrared viewer was found to be invaluable in avoiding drifting of the eyes or excess head movement during tests undertaken in the dark, and proprioception was found to be helpful in achieving eye deviation with the eyes closed; the child was asked to block out the light source with this thumb and then to close the eyes whilst maintaining gaze down the outstretched limb.
Pendular tracking
Sinusoidal smooth pursuit was elicited using a pendulum with an attached light source subtended at an angle of 10°from central gaze. Accurate tracking was encouraged by intermittently switching the light on and off, and by asking the child to report these changes.
Optokinetic nystagmus
Two forms of optokinetic stimuli (OKN) were employed. Foveal stimulation was provided using a small drum of alternating black and white stripes held 0.4 m in front of the child and rotated in turn to the right and then to the left at a speed of 132°/s (22 rpm). Nystagmus was also induced by full visual field stimulus using a large drum with a diameter of 1.5 m. This consisted of a curtain of animal print which could be lowered around the child and rotated at a constant speed of 90 0/s (15 rpm) in either direction. Each 360°rotation of the drum was recorded through a contact electrode on the top of the drum so that measurements of the induced nystagmus could later be corrected for variation in drum speed.
With both forms of stimulation the response was assessed by measurement of average slow phase velocity, amplitude and beat frequency in a representative recording over at least 15 s.
Positional nystagmus
Positional nystagmus was BOught with the eyes closed and the child stable in the supine, right lateral and left lateral positions. Each position was maintained for a minimum of 20 s.
Bithermal caloric test
A standard bithermal caloric test using an average of 200 ml of sterile water at 30 and 44°C was performed. This was undertaken in dimmed light with the eyes open in the dark and with the head elevated by 30°. Prior to testing, the calibration was altered using ceiling mounted lights so that 10°of eye movement corresponded to 10 mm of pen deflection; calibration was repeated prior to each irrigation. Mental alerting appropriate to age and an infrared viewer to encourage the child to maintain central gaze was employed both during a control run and during measurements after caloric stimulation. The use of the viewer was found to be essential in order to discourage eye closure which was a common response in children when darkness supervened.
The response was assessed by calculating the maximal velocity of the slow phase and the amplitude of the slow component of the nystagmus: the frequency of the response was also recorded. In all instances these parameters of the response were measured during the period between 60 and 90 s after the start of the irrigation.
Results
Three children recruited to the trial were excluded because of their previous medical history. Four additional cases were excluded due to a previously unsuspected but mild unilateral high frequency sensorineural deafness revealed on puretone audiometry (one case) or because of serous otitis media (3 cases).
Spontaneous and positional nystagmus
In one child a spontaneous nystagmus of 11°/s was observed with the eyes open in the light and in the primary position of gaze; this nystagmus was not apparent during subsequent testing. In 3 other cases, transient nystagmus with a slow phase velocity not exceeding 8°/s was found with the eyes closed and deviated 30°to the right or to the left. Positional nystagmus was seen in 6 cases. Again the slow phase velocity of this did not exceed 8°/s and it was always fatiguable. In 2 cases such nystagmus was seen with a patient supine and in the remainder was elicited with the head in a lateral position. In all but one case such nystagmus was found to beat towards the dependent ear.
Visual-ocular control Testing the saccadic system by asking the child to look at lighted targets 10-30°apart during calibration was found to induce mild hypermetria, and pursuit testing using pendular tracking produced microsaccadic intrusion in some subjects. Neither finding was a feature of recordings obtained in children over the age of 9 years.
Optokinetic testing produced reasonably symmetrical nystagmus in nearly all cases. There were no consistent changes in any of the measured parameters with age (Table 1 )and this was confirmed by simple linear regression analysis which showed regression coefficients (R 2 ) which approximated to zero ( Table 1 ). During testing it was evident that the 
Yestibulo-oeular reflex
Caloric irrigation produced markedly dysrhythmic nystagmus in children whereas the adult response was symmetrical and regular <Figure 1). Measurement of the slow phase velocity, amplitude and frequency of the induced nystagmus was analysed using multivariate regression with linear (y=mx+c) and two curvilinear plots (y=mx+m2x2+c and y=mx+m2r+mSxS+c). Equations including the squared term were generally found to give the best data fit. The resultant curves are shown in Figures  2, 3 and 4 and the relevant coefficients and constants together with their statistical significance in Table 3 . Test-retest reliability was assessed in 10 children and 5 adults 2 months followingtheir first attendance. Using Pearson's correlation coefficient, a high Figure 1 . Typical electronystagmographic findings in response to caloric irrigation in (A) children and (B) adults foveal stimulus provided by the small hand held drum was a more difficult task for many of the children than was the full field stimulus provided by the large drum. This is reflected in the directional preponderance figures outlined in Table 2 . data obtained by cold and hot irrigation. Canal paresis and directional preponderance was also assessed and the results are shown in Table 2 .
Discussion
In spite of early anatomical maturation of the vestibular system many descriptive parameters of the vestibulo-ocular reflex (VOR) are thought to alter during childhoodt-", However, these changes have not been well documented. For instance there have been only three studies of caloric tests performed during the childhood years 17 -19 , and these studies have produced conflicting data which has been attributed to inadequate mental alerting or to poor suppression of visual fixation 15 • The importance of proper normative data is made more pressing as the result of an increased awareness of the vertiginous child!", Such children are increasingly referred for neuro-otological evaluation.
Following previous studies spontaneous and gaze nystagmus was regarded as being significant if the slow phase velocity exceeded 4°/s, and positional nystagmus was significant ifSPV of more than 7°/s was recorded". Using these parameters it appears that a number of normal children exhibit transient nystagmus during tests for spontaneous and gaze nystagmus and during positional testing. Such nystagmus has been described in adults 22 and seems likely to be purely physiological and of no clinical significance.
In spite of a variable light source, which has been shown to improve attention for pursuit in hyperactive children'v, there did appear to be some microsaccadic intrusion to smooth pursuit. As with the minor degrees of hypermetria which were seen during saccadic testing this finding was more apparent in the youngest children tested. These findings may represent oculomotor apraxia due to immaturity of eye movement control!' but such an explanation seems unlikely in view of the satisfactory results achieved with optokinetic testing. Although small and large drum optokinetic tests produce greater degrees of directional preponderance in children (Table 2) , this finding is not statistically significant using Student's t-test for paired data and a supposition of inattention during simple tests for saccadic movement and pursuit seems more valid. Weight is added to this argument by regression analysis which confirms a lack of maturation change ( Table 1 ). These findings are at variance with some previous studies 10 • 11 • The major finding of this study concerns the maturation changes seen with the caloric test. The results of multivariate regressions performed on measurement of slow phase velocity, amplitude and frequency are shown in Figures 2, 3 and 4 and also in tabular form ( Table 3 ). Age related changes were best described using a curvilinear regression including the squared x variable since linear regression was clearly inappropriate for the data on slow phase velocity and amplitude (such a fit would give a line crossing the abscissa with increasing age), and the cubed x variable gave coefficients which did not obtain statistical significance. However, although a square term gave consistently significant results for velocity and amplitude measurements the same is not so for measurements of frequency (Table 3) ; the regression was retained however since the probability of significance was only just lost (t=1.87; significance at t= 1.96) and this curve appeared to be physiologically justified. Since test-retest reliability was good the wide scatter obtained in plotting normal data is due in large part to intrasubject rather than intersubject variation. This finding is consistent with previous studies 23 • A previous paper has reported the results of measurement of the vestibule-ocular reflex (VOR) elicited using constant angular acceleration, and has shown that the time constants and gain of the induced nystagmus changes with maturatione'. These authors have suggested that the gain changes reflect changing excitability in the vestibular nuclei and changes in the time constants are a mirror of changing activity in the brainstem reticular formation. These postulates are advanced on the basis of pharmacological effects of various drugs which mimic these developmental effects 25 • Such results invite attempts to extrapolate such an anatomical division to the data presented from the caloric irrigation. Certainly it is integral to measurements of the vestibulo-ocular reflex induced by caloric irrigation to assume that the slow phase velocity reflects vestibular excitability, and these results show that this changes with age. In turn it is tempting to speculate that the observed alterations of frequency and particularly of amplitude reflect maturation of central pathways.
Finally the figures for canal paresis and directional preponderance obtained (Table 2) give results which are in broad agreement with previous datal", Many authors regard a canal paresis of greater than 22% and a directional preponderance of greater than 30% as significant. On the basis of the figures presented in this study these figures are perhaps too high and should be revised downwards.
Because of the difficulties inherent in testing very young children the present study only attempts to provide such data in children of school age. It is hoped that this information will be of assistance to workers attempting to interpret the results obtained in children with suspected vestibular pathology.
